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ABSTRACT

Manually annotated data is key to developing text-
mining and information-extraction algorithms. How-
ever, human annotation requires considerable time,
effort and expertise. Given the rapid growth of
biomedical literature, it is paramount to build tools
that facilitate speed and maintain expert qual-
ity. While existing text annotation tools may pro-
vide user-friendly interfaces to domain experts,
limited support is available for figure display,
project management, and multi-user team annota-
tion. In response, we developed TeamTat (https:
/lwww.teamtat.org), a web-based annotation tool (lo-
cal setup available), equipped to manage team an-
notation projects engagingly and efficiently. Team-
Tat is a novel tool for managing multi-user, multi-
label document annotation, reflecting the entire pro-
duction life cycle. Project managers can specify an-
notation schema for entities and relations and se-
lect annotator(s) and distribute documents anony-
mously to prevent bias. Document input format can
be plain text, PDF or BioC (uploaded locally or auto-
matically retrieved from PubMed/PMC), and output
format is BioC with inline annotations. TeamTat dis-
plays figures from the full text for the annotator’s
convenience. Multiple users can work on the same
document independently in their workspaces, and
the team manager can track task completion. Team-
Tat provides corpus quality assessment via inter-
annotator agreement statistics, and a user-friendly
interface convenient for annotation review and inter-
annotator disagreement resolution to improve cor-
pus quality.

INTRODUCTION

Gold-standard corpora, collections of text documents se-
mantically annotated by domain experts, are crucial for the
development and training of text-mining and information-

extraction algorithms. Particularly in the life sciences, where
texts are full of biomedical entities whose naming often does
not follow convention and the relationships between entities
may differ in subtle ways (1-8), annotation tools need to
provide support for multiple domain experts to review and
annotate, for automatic annotation comparisons, as well as
for the tracking of annotation consistency. These capabili-
ties will allow one to identify relevant differences in annota-
tion patterns and make the necessary adjustments in order
to minimize the differences between annotators.

Neves and Leser (9), and Neves and Seva (10) have re-
cently provided extensive reviews for automatic annota-
tion tools (11-22) and, as a result of their analysis, they
identify a list of criteria that maximize a tool’s use for
annotation/curation of gold standard corpora. These cri-
teria are: (i) technical — users prefer tools that are pub-
licly available, web-based and open source, with an option
for local installation to allow for the secure annotation of
documents such as clinical records, (ii) data — users prefer
that tools handle the standard formats for input/output of
documents and annotations and can be easily applied to
PubMed, (iii) functional — users prefer tools that handle
multi-label annotations, document-level annotations, rela-
tional annotations, full text annotations, as well as multiple-
user and team annotations. In addition, the ideal tool
should allow multiple languages, support links to ontolo-
gies and terminologies, and provide for quality assessment
and inter-annotator agreement calculations. Finally, the au-
thors evaluate a tool’s suitability for biomedicine by its
ability to support the integration with PubMed or PMC
(23), as this facilitates the retrieval, parsing, and even pre-
processing of documents for corpus annotation.

In this paper, we introduce 7eamTat, a web-based, open-
source, collaborative text annotation tool equipped to man-
age the production of high-quality annotated corpora, ful-
filling all of the major criteria listed above and more. In
short, TeamTat features (i) full-text support showing the
document in its entirety including figures as they are an
integral part of manual biomedical annotation/curation;
(i1) easy integration with PubMed and PMC through BioC
(24), a simple format for sharing text data and annotations
towards improved interoperability created by the text min-
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ing research community; (iii) an intuitive and user-friendly
interface for all users to review and analyse their annota-
tions, independently and collaboratively and (iv) a quality
assessment and management mechanism to bring this all
together from a project administration perspective. Taken
together, TeamTat is an all-in-one system with a set of fea-
tures that cannot be found in existing tools. For example,
our previous tool, ezTag (18), does not support team anno-
tation and project management. Similarly, other tools sur-
veyed in (9,10) are limited in their support of local installa-
tion, PubMed/PMC integration, full-text annotation, fig-
ure display, collaborative annotation, etc.

In the first release of the software, annotation function-
alities centred on tagging of entity or concept mentions, en-
abling the flexible definition of entity classes/types, making
the annotation as easy as possible for human curators and
supporting annotation quality analysis at the entity level.
We further added the document triage functionality, and
the ability to define and annotate relations between entities,
which are document level relationships and therefore not
confined to a single sentence or even a single paragraph.
Finally, we added project management functionality and
inter-annotator agreement statistics. TeamTut’s original de-
sign was based on our prior experience in developing var-
ious biomedical corpora. It has since been used in several
projects at the National Library of Medicine (NLM) in-
volving annotation of genes and chemicals in PubMed and
PubMed Central articles (see Use Case). These experiences
have enabled the identification of desirable refinements and
extensions.

The aim of this paper is to describe TeamTut’s open
source platform and the annotation and analysis perspec-
tives that make it an easy-to-use flexible tool for biomedi-
cal document annotation and curation. The following sec-
tions provide technical details about software development
and showcase the functionalities through demonstrations
inspired by creating public biomedical corpora. Through-
out this paper, the terms: annotation and curation, anno-
tator and curator are used interchangeably. While TeamTat
can be used both for triage and full curation tasks, in this pa-
per we focus on the description of 7TeamTat features helping
text annotators, database curators, and project managers
make it possible to create richly annotated gold standard
corpora.

SYSTEM DESCRIPTION

Collaborative text annotation is a complex process, and re-
quires domain experts, project managers and a wide range
of automatic pre-processing, user interface, and evalua-
tion tools. TeamTat offers multiple-user roles, and provides
administrative, project management and annotation inter-
faces.

The annotation interface is designed for ease of integra-
tion with PubMed/PMC, ease of use with full text arti-
cles and supports figure display for the annotators’ conve-
nience. Annotators can work on the same document inde-
pendently and anonymously in their workspaces, or collab-
oratively, with live discussions to resolve disagreements. The
important features of the annotation interface in Team7Tat
include: (i) annotators may collaborate, (ii) annotators can

annotate documents of any length, including full text jour-
nal articles, (iii) the TeamTat interface can display all figures
of PubMed Central full text articles, (iv) documents can be
added from the PubMed/PMC BioC APIs (24,25), or up-
loaded from local repositories, (v) the annotation interface
is optimized for user-friendly browsing, (vi) documents can
be annotated for triage, for entities and for relations.

The project management interface allows: (i) annotation
projects to be organized in multiple rounds, (ii) project man-
agers to track task development and completion, (iii) the
assessment of annotation quality via inter-annotator agree-
ment statistics and (iv) the creation of corpus report statis-
tics. Figure 1 presents the overall annotation workflow of a
given project. The administrative functions include all of the
above. Administrators can set up TeamTat locally to accom-
modate data privacy concerns. Documents can be in BioC,
plain text or PDF format, and Unicode support allows for
documents in different languages. In the case of a PDF file,
text is automatically extracted using Docsplit ruby library
(https://rubygems.org/gems/docsplit). Annotation data can
be readily downloaded and exported in BioC, which is in-
teroperable to other formats such as PubAnnotation-JSON
(26,27).

Implementation

We developed TeamTat using Ruby on Rails and MySQL
as a backend database. All the web pages are HTMLS5/CSS
compatible, thus it supports the latest version of popular
web browsers (e.g. Chrome, Safari, Firefox, Internet Ex-
plorer) and mobile devices. The source code is available at
[https://github.com/ncbi-nlp/TeamTat].

USAGE

TeamTat offers support for annotation efficiency, consis-
tency, scale; provides an intuitive interface; and mimics a
project development workflow with clear procedures that
allow the development of a gold standard corpus. Team-
Tat does not collect any personal information data from its
users.

Project management features

The project manager can define a curation project, cus-
tomizing it as needed based on the project requirements (an-
notation guidelines). The project manager selects the docu-
ments to be annotated, specifies the types of entities and
relations to be considered, and enables the participation of
one or more annotators in the project. An annotation round
reflects the iterative nature of the production life cycle. The
initial round may consider unannotated documents or pre-
annotated documents using an external automated system.
TeamTat facilitates independent work of multiple annota-
tors on the same documents and provides an environment
to evaluate the quality of annotations via inter-annotator
agreement statistics. Multiple annotation rounds are recom-
mended to ensure a high-quality corpus. Annotation rounds
can be individual or collaborative. An individual annota-
tion round allows each annotator to work in their indi-
vidual workspace, and review/edit/revise annotations. The
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Figure 1. Overview of a TeamTut annotation project. A project manager selects the documents to be annotated, specifies the types of entities and relations
to be considered, enables the participation of the annotator(s), and distributes the documents among annotators. An annotation round consists of team
members working independently to annotate. Team members can also review annotations where they have a disagreement among annotation partners.
TeamTat maintains anonymity to prevent annotator bias. At the end of each round, the project manager calculates inter-annotator agreement statistics,
and decides to continue or finalize the corpus. Annotations are trackable for every annotation round, and data can be downloaded at any time.

identity of the annotation partners on the same document
is kept hidden to guard against bias, while the agreements
and disagreements between partners are displayed via vi-
sual cues. A collaborative annotation round is usually the
last review before finalizing the project. During this round,
the identities of annotation partners are revealed, so that
they may discuss any remaining discrepancies, and agree on
how to resolve them.

A key feature to facilitate the project managers’ work in
TeamTat, is the ability to assess corpus quality via inter-
annotator agreement statistics. At any time during the an-
notation project, the project manager is able to track via
their interface the agreements and disagreements between
annotators. Once an annotation round is complete, the
project manager can calculate exact agreement between
annotators (requiring complete agreement on annotation
type, span, and concept normalization) as well as different
levels of soft agreement (accounting for partial overlap, mis-
matched types, or differences in concept ID). Once corpus
quality is considered acceptable (administrative decision),
the final corpus is produced. All data is available for down-
load at any time.

Annotation features

Motivated by the experience of annotation projects during
BioCreative V (28,29) and VI (1,30), and feedback from
PubTator Central (31) and ezTag (18) users, TeamTut was
designed to include useful features from ezTag, PubTator
Central, and Marky (15,16,32). As such, TeamTat offers an
improved smart interface, full text support, and relation an-
notation.

TeamTat’s annotator user interface is very intuitive. Once
an annotator is assigned to a project, they will find the
project listed in their workspace. A project typically con-

tains several documents, which can be annotated in any ran-
dom order. In addition to the annotation editor, annotators
also have a document list view, which allows them to see a
summary of the assigned documents and their annotation
status such as: the number of annotations per document,
their assigned triage label, completion status, and the time
of the last update. Documents can be sorted, and a search
function is available to retrieve any document matching a
keyword from the current collection.

The annotation editor (Figure 2) is a smart interface
that aims to minimize the number of actions required to
add/delete or revise annotations. Annotations can be char-
acter level, word level or phrases, and are automatically
saved as they are highlighted. Overlapping annotations are
allowed, and they can be different entity types. All oc-
currences of the highlighted text in the given document
can be annotated/edited simultaneously. The entity type
has a drop-down box listing all the annotation types (or
tags/categories) valid for the current project. These are gen-
erated automatically from the annotation schemas defined
by the project manager. Annotation schemas define the ac-
ceptable range of annotations and thus allow the user inter-
face to be customized. Since TeamTat is a general annota-
tion tool, only manual typing is allowed for entering con-
cept IDs. The last step of manual annotation is to toggle
on the ‘Done’ button, which indicates that the annotation
is complete, and the annotator moves on to the next docu-
ment.

One of the desiderata in biomedical annotation tools is
the capability to annotate relations between entities. Rela-
tions can be between entities of the same type (such as ge-
netic interactions, protein-protein interactions) or between
different types of entities (such as gene-disease relations, e.g.
Figure 3). TeamTat ensures that entity types selected by the
user are consistent with the annotation schema defined by



W8 Nucleic Acids Research, 2020, Vol. 48, Web Server issue

< List I « I » © BioCInfo I Version0~ I & Download

& o8| ? Demo

Outline front @27 offset:0-107
Title
Abstract Acetylation of the Cell-Fate Factor Dachshund Determines p53 Binding
INTRODUCTION and Signaling Modules in Breast Cancer
RESULTS
DISCUSSION Chen, Ke.,Wu, Kongming.,Gormley, Michael.,Ertel, Adam.Wang, Jing..Zhang, Wei.,Zhou, Jie.,DiSante,
MATERIALS AND METH... Gabriele.,Li, Zhiping.,Rui, Hallgfair.,Quong, Andrew A.,McMahon, Steven B.,Deng, Haiteng. Lisanti, Michael

P.Wang, Chenguang.,Pestell, Richard G. 2013. Vol. 4. Issue 6. 923 - 935.
SUPPLEMENTARY TABLE... Keyword: p53 breast cancer cell fate stem cells dach.
REFERENCES

abstract @ 2 offset: 108 - 1058

Breast cancer is a leading form of cancer in the world. The Drosophila Dac gene was cloned as an inhibitor of the
hyperactive epidermal growth factor (EGFR), ellipse. Herein, endogenous DACH1 co-localized with p53in a
nuclear, extranucleolar compartment and bound to p53 in human breast cancer cell lines, p53 and DACH1 bound
common genes in Chip-Seq. Full inhibition of breast cancer contact-independent growth by DACH1 required
p53. The p53 breast cancer mutants R248Q and R273H, evaded DACH1 binding. DACH1 phosphorylation at
serine residue (5439) inhibited p53 binding and phosphorylation at p53 amino-terminal sites (515, $20)

Annotations

Default Type:| GENE v|e

Type Concept ID

GENE ‘ GENE:7157

Disease ‘ MESH:D0019...

Disease ‘ MESH:D0093...

GENE ‘ GENE:34982
GENE ‘ GENE:1602
Mutation | rs11540652
Mutation | rs28934576
GENE ‘ GENE:1026

GENE ‘ GENE:5888

Figure 2. Screenshot of the TeamTat annotation editor. The middle of the screen shows the article content. Title, and metadata are listed first, as well as
automatic links to the PMID and PMCID records respectively. The right-hand side shows curated entities and relations.

titte @1

DR T 3 6

offset:0-112

R1
S

Analysis o‘frﬁRCAl and RAD51C Promoter Methylation in Italian

i
Families at High-Risk of Breast and Ovarian Cancer.

GeneDisea...

abstract @1 offset: 113 - 1503

Previous studies on breast and ovarian carcinoma (BC and OC) revealed constitutional BRCA1 and
RAD51C promoter hypermethylation as epigenetic alterations leading to tumor predisposition.
Nevertheless, the impact of epimutations at these genes is still debated. One hundred and eight women
affected by BC, OC, or both and considered at very high risk of carrying BRCA1 germline mutations
were studied. All samples were negative for pathogenic variants or variants of uncertain significance at
BRCA testing. Quantitative BRCA1 and RAD51C promoter methylation analyses were performed by
Epityper mass spectrometry on peripheral blood samples and results were compared with those in
controls. All the 108 analyzed cases showed methylation levels at the BRCA1/RAD51C promoter
comparable with controls. Mean methylation levels (+ stdev) at the BRCA1 promoter were 4.3% (+ 1.4%)
and 4.4% (+ 1.4%) in controls and patients, respectively (p > 0.05; t-test); mean methylation levels (£

Figure 3. Relation annotation in TeamTat.

Relations

DefauItType:\ GeneDisease

v+

Type

Ctrl/CMD + clicking on an annotation will add it to relation

Nodes

Q Breast and Ovarian Cancer

the project manager. Moreover, TeamTat relations are not
restricted to binary relations. They can have up to eight
components, and they are at the document level, meaning
that individual nodes are not restricted to appear in the
same sentence, or even in the same paragraph.

Collaborative features

One of the most convenient features of TeamTat is the in-
tuitive full functionality environment that allows for both

independent work, as well as collaborative work between
annotators. One major consideration in human data anno-
tation is to control for bias, and TeamTat allows the project
manager to pair the annotators anonymously and distribute
the data anonymously to their individual workspaces, dur-
ing the independent annotation rounds. The first annota-
tion round typically consists of annotators working inde-
pendently on their assigned documents (which may be raw
or pre-annotated). At this stage, while the project manager
can see all edits in real time, annotators cannot see the
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figure shows how TeamTat incorporates the display of figures in full text articles to facilitate the work of annotators.

changes on the same document performed by other anno-
tators. If the project manager decides to follow up with an
additional independent review round (e.g. Figure 4), each
annotator can see in their workspace the agreements and
disagreements, while the identity of the working partners is
still kept hidden to allow for an unbiased review and revi-
sion stage. The project manager can repeat this iterative pro-
cess until they are satisfied with the results. TeamTat also
provides a convenient collaborative discussion annotation
round, in which identities of annotation partners are re-
vealed, and they are encouraged to finalize their discrepan-
cies in a collaborative way. We recommend this mode of op-
eration during the preparation phase of annotation guide-
lines, as well as the final annotation round for full curation
projects.

USE CASE

TeamTat has been used for the development of two recent
corpora at the National Library of Medicine, the NLM-
Chem corpus, a collection of 150 full text articles annotated
for chemicals, and the NLM-Gene corpus, a collection of
550 PubMed articles annotated for genes from 11 model or-
ganisms. The NLM-Chem corpus was doubly annotated by
ten experienced NLM MeSH indexers, and the NLM-Gene
was doubly annotated by six NLM MeSH indexers. Both
sets of articles were selected to be highly ambiguous, rich in
biomedical entities and from a large variety of journals in
the PMC Open Access subset. TeamTat provided the right
environment to manage these heavy annotation loads, pro-
viding the project manager with the right functionality to
balance the annotation load amongst annotators, and al-

low room for both independent work, and weekly discus-
sion meetings.

Most of the tool functionality was improved as a result
of the frequent interactions with the annotators and imple-
mentation of their recommendations. The annotators ap-
preciated the ease of annotation, the ability to conveniently
interact with PubMed and PMC, and the ability to see
the figures within the display, since figures frequently con-
tain crucial information or experimental evidence. For the
NLM-Chem corpus the ability to navigate the full text via
the left-side panel, and the tool’s ability to remember the
last paragraph where they left off were highly appreciated.
For both projects, the right-side tabular list of annotated en-
tities provided the ability to work on one entity at a time, as
opposed to the middle panel which provided the sequential
text access to the document.

Since both NLM-Chem, and NLM-Gene aimed to pro-
vide complete and thorough annotations for all mentioned
chemicals and genes, they were projects with heavy annota-
tor involvement. Therefore, both projects went through four
or five annotation rounds, until the all disagreements and
discrepancies were resolved. During these discussion and
revision stages, TeamTat provided a rich environment to re-
view annotations, both in the independent rounds, as well as
in the collaborative final rounds. The indexers appreciated
the visual cues to alert them to: the disagreements on anno-
tation span, versus normalization, and missed annotations
noted by only one of the working partners. Likewise, they
also appreciated the automatic links to the corresponding
records in NCBI GENE and MeSH for each linked entity.
Both corpora will be released to the research community to
foster better recognition of genes and chemicals in scientific
publications.
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CONCLUSIONS

We have described TeamTut, a web-based system for col-
laborative text annotation, and management of multi-
annotator projects. TeamTut supports annotation of both
entities and relations and is integrated with PubMed and
PMC. Document input format can be plain text, PDF or
BioC XML, and output documents are BioC XML with
inline annotations. In addition to the web-based system,
TeamTat can also be set up locally.

TeamTat is a web-based, open-source, collaborative doc-
ument annotation tool equipped to manage the production
of high-quality annotated corpora. TeamTat realizes the de-
sired criteria for a complex annotation process, which in-
volve: (i) interactive, intuitive user interface supporting doc-
uments of any length, including full text articles and fig-
ure display, to improve annotation efficiency, (ii) support
for pre-annotation to help achieve time and cost savings,
(iii) support for both entity and relation annotation, with
the ability to adapt to different annotation guidelines, (iv)
multi-role support, including annotator, project manager
and administrator and corresponding user interfaces, (V)
support for corpus quality assessment, and the ability to
organize annotations in a multi-round process until desired
corpus quality is achieved.

TeamTat has been active since March 2019 for team an-
notation projects at NLM, and word-of-mouth has gen-
erated a large active base of more than a hundred doc-
ument annotators. We expect TeamTut to become an im-
portant tool for development of gold standard corpora in
biomedicine and beyond, because it provides the right blend
between project manager, domain expert annotator and a
collaborative environment.

DATA AVAILABILITY

TeamTat is an open source web-based annotation tool,
available at https://www.teamtat.org and in the GitHub
repository [https://github.com/ncbi-nlp/TeamTat].
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